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What is Geothermal Energy?

Geothermal = “geo” + “thermos”

 Renewable source of energy derived from heat produced in the subsurface.

1- Thermal anomaly

2- Accessible depth by drilling wells

3- Sufficient porosity and permeability
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Geothermal Energy in the World

e 28 countries produce power with geothermal resources.
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Geothermal Energy in Canada

Geothermal resources in Canada is still under study.

High potential to produce power by geothermal energy:

High temperature electrical generation

- Hot dry rock

| Hot water - volcanic
Bl Hot sedimentary basine

e British Columbia
 Northern Territories

* Yukon

e Alberta and Saskatchewan

Low efficiency electrical

Warm sedimentary basins
Direct Heat/heat exchange
- moderate sedimentary basins
I cool sedimentary basins
I Fractured rock

Low potential/future EGS

Grashy et al. (2012)



Study Area

Garibaldi Volcanic Belt
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Study Area
Garibaldi Volcanic Belt

Located along the Ring of Fire

* The Garibaldi Volcanic Belt represents a
chain of young volcanoes in SW BC.

e |t is known to have abundant thermal

springs and volcanic structures including
Mount Garibaldi and Mount Meager

Volcanic Complex.
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Study Area

Mount Meager Volcanic Complex

Structures:

 Meager Creek Fault
 No-Good Discontinuity
e Camp Fault

e Carbonate Fault

Springs:

* Meager hot spring (30° - 59°C)
* Placid hot spring (45 °C)
* No-Good warm spring (30 - 40°C)

surrey



Motivation

Mount Meager Volcanic Complex has been studied since the 1970s.
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boreholes

e Boreholes showed area with high
temperature anomalies.

* Proximity to large human settlements ML (s BN e P TANE P ’
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Data

Fracture Data

Measurements:

e Spacing (m)

e Aperture (mm)
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Data

Magnetotellurics (MT)
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Model representation

Data

AMT and MT stations (107 stations and 34 periods).

Impedance tensor of data (0.01 Hz—10000 Hz), with 5% error floor.
3D Model

Vertical mesh: 40 m layers for topography

Subsequent layers increased by a factor of 1.12.
Horizontal mesh: 75 m x 75 m cells

Padding cells increasing by a factor of 1.2.
Starting model: 300 Qm half-space
Total final RMS misfit: 1.3
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Resistivity Model: Horizontal Plan View
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Resistivity Model: North-South Cross-Sectional Views
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Resistivity Model: East-West Cross-Sectional Views

Northing (m)

5604000

460000 462000 464000
) . ! ' !

466000 468000
) . ) .

5608000 5610000

5606000

5602000

5600000

= AMT/MT Stations
Warm Spring

®. Hot Spring

®. Cold Spring

Pylon Pé;k
A

A

Meager Creek

T T T T T -
460000 462000 464000

Easting (m)

T T T
466000 468000

5602000 5604000 5606000 5608000 5610000

5600000

Depth (m)

W

Cold Spring

-
:\/-}’: ’.
F =

Meager Creek N
Hot Spring

1000

1000
g
§ - 100
Py
[}
2 7
@ 2
........ P s
......... 6
3
10
! »
[/ 1200Qm R1+R2 |
et (Shallow Basement) ‘ 5
1

464000

Easting (m)

462000

¢ AMT Station

13



Outline

v" Introduction

v" Mount Meager Volcanic Complex

v" Electrical resistivity structures

4. Petrophysical properties and conceptual model

5. Conclusions



Northing (m)

5604000

5608000 5610000

5606000

5602000

Geology

* Geological logs

460000 462000 464000 466000 468000
Sy P— gy ST
* AMT/MT Stations
Warm Spring
®. Hot Spring
®. Cold Spring
Pylon Peak
X A
o
o
e = b
Meager Creek

5600000

—
460000 462000 464000
Easting (m)

.
466000

e

A

—r
468000

5604000 5606000 5608000 5610000

5602000

5600000

Depth (m)

1000

2000

T
-
o
o

1000

W

M10-80D

(wp) Aansisey

-
o

-1000

-2000

462000 464000 466000
Easting (m) & AMT Station

Smectite/lllite
Chlorite/Epidote 14




Building a Conceptual Model

The MMVC geothermal field:

Geological logs

-

AMT model
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Building a Conceptual Model

The MMVC geothermal field:

Geological logs

-

AMT model
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Petrophysical Model

Fluid Flow Pathways

Fluid fraction:

e Zones with higher porosity
* Possible size of the resource

The average electrical resistivity of
the pathways in the AMT model is
from 40 to 300 Om.
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Petrophysical Model

Fluid Resistivity

Known Relationship: pf = 0.0123 + (
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Petrophysical Model

Fluid Resistivity

Meager Fluid Chemistry Data: pys = (

Electrical Resistivity (Qm)
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Petrophysical Model

Fluid Resistivity

1
Meager Fluid Chemistry Data: py = <1 T %< 10-% x 61'051>
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Petrophysical Model

Fluid Flow Pathways

Modified Archie’s Law Hashin and Shtrikman upper bound
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Petrophysical Model

3-D Model of Porosity

e Bulk resistivities from the AMT
model

* Fluid resistivity
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Petrophysical Model

Laboratory Tests
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Petrophysical Model

Fracture Porosity

Fracture set | Spacing (m) | Aperture (mm)

1 0.1-1 Tight — 20

2 0.1-1 Tight — 20

3 0.4-2 Tight

4 0.05 -2 Tight — 5
Fracture set 2:
e NW-SE fracture direction Parameter Modeling
* Parallel to the regional stress direction |:> Porosity (%) 0.02-40

Permeability (mD) 0.005-666

* Permeability up to 666 mD
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Building a Conceptual Model

The MMVC geothermal field:

Geological logs
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Conclusions

 The structures controlling the near surface conductor: No-Good and Meager Creek
Faults.

 Components of Archie’s law are defined for the study area.

* The zone related to 40—300 Om electrical resistivity:

o Porosity: 0.1-8.5% and Permeability: 0.00—-0.249 mD.

 The volcanic rocks showed higher permeability in laboratory measurements than
fractured basement rock.

 Considering the pattern of fracture sets for drilling purposes will increase the

permeability up to 666 mD.
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